Objectives: The reduction in cognitive decline depends on timely diagnosis. The aim of this systematic review was to analyze the current available Information and Communication Technologies´ (ICT) based instruments for cognitive decline early screening and detection in terms of usability, validity and reliability.
Introduction
People aged over fifty years currently represent 37% of the population in Europe, and population projections foresee that the number of people aged over 60 will increase by about two million people per annum in the coming decades and it is expected that by 2060 this group will represent around 30% of the total population (1). Dementia and cognitive impairment are age related conditions that constitute a major public health challenge due to their prevalence and consequences in the older population. Forms of mild cognitive impairment (MCI) have been reported to be a risk factor for dementia affecting more than 20% of those over 70 years (2). Recent studies suggest that slowing the progression of dementia by one year would lead to a better quality of life for people living with dementia and a significant cut in the related socioeconomic costs (3) . In this context, the early detection of dementia is the first step to initiate timely treatments, to manage the disease and to reduce morbidity (4) . There is no evidence to support screening of asymptomatic individuals, but the monitoring and evaluation of persons suspected of cognitive impairment is justified as they have an increased risk for developing dementia (5) . A computational model-based prediction found that the reduction in cognitive decline and dementia depends on initial screening age, screening frequency, and specificity (6) .
Information and communication technologies (ICT) is an umbrella term that refers to
any communication device or application comprising computer and network hardware and software, radio, television, mobile phones, wireless signals and the various services and applications associated with them (videoconferencing, tele-healthcare, distance learning, etc.). In the neuropsychological assessment field, new screening instruments should capitalize on new technological advances (7); ICT devices have been increasingly used for neuropsychological assessment, with good correlations with well-established paper-and-pencil neurocognitive testing batteries. ICT instruments for cognitive impairment early detection and assessment can be grouped into four categories: electronic devices (personal computers, laptops, mobile phones, tablets, etc.); internet based devices; monitoring devices (which measure users´ behavior in different areas) and virtual reality (which immerse the user in a more complex and integral sensorial experience). Computerized test batteries have been reported to have advantages compared to paper-and-pencil neurocognitive testing batteries in areas such as the standardization of administration and stimulus presentation; the automatic collection of data; the reduction of human error in administration; accurate measures of response latencies; automated comparison with an individual's prior performance and with age-related norms; efficiencies of staffing and costs (8); tailoring tests to the examinee´s level of performance; minimizing floor and ceiling effects (9); and their potential to capture time-related information such as spatial planning strategies (10). On the other hand, older adults' limited familiarity with computers (8) and a general lack of psychometric standards (11) have been raised as an obstacle for these instruments.
In a review about computerized cognitive testing for older adults (8) 17 test batteries were identified which had adequate discriminant validity and test-retest reliability; the authors concluded that a large number of available batteries could be beneficial to the clinician or researcher. However, they warn clinicians about the necessity to choose the correct battery for each application considering variables such as cost, the need for a specialist either for administration or for scoring, and the length of administration. In a previous review (9) the authors identified 18 computerized test batteries, of which 11 were appropriate for older adults; they recommended that test batteries should be evaluated on a one to one basis due to the variability they displayed. In a comparative study of tools for the assessment of cognition the authors reviewed 16 assessment instruments, of which 14 were computer based (7) . Their goal was to identify measures capable of assessing cognitive changes before noticeable decline suggestive of MCI or early Alzheimer's disease. They concluded that there was no single recommended "gold standard" battery but, rather, a subset of instruments to choose from, based on individual study needs. They recommended researchers compare performance on a given cognitive test/battery with changes in known disease-related biomarkers (structural MRI, cerebrospinal fluid, etc.). A review of computerized tests for older adults in primary care settings (12) identified 11 test batteries from which three were judged potentially appropriate for assessment in primary care based on good test-retest reliability, large normative samples, a comprehensive description of patient cognitive performance, and the provision of an overall score or probability of MCI.
Usability is a key aspect of ICT programs development. The International Organization for Standardization (ISO) defines usability as 'the extent to which a product can be used by specified users to achieve specified goals with effectiveness, efficiency and satisfaction in a specified context of use' (13). It comprises concepts as understandability, learnability, acceptability, user experience, operability and attractiveness (14). User experience is a subjective feeling related to having a satisfactory experience when using technology (15). There is a need to better understand the usability of ICT for persons with dementia, their preferences for specific interfaces, and their acceptance of different technologies (16). Consultation with people with dementia (PWD) and their carers is crucial to address usability in the design of ICT based instruments (17).
Despite the previous reviews of this subject, two fundamental aspects remain conspicuous by their absence: usability and the possibility of home based self- 
Types of interventions
This systematic review centered on ICT based instruments assessing or monitoring older adults with potential cognitive decline. This included electronic devices (ED) (personal computers, laptops, tablets, phones or mobile phones, etc.), internet (I), monitoring devices (MD) and virtual reality (VR). Due to the profuse amount of instruments in this area, we decided to focus in this paper on the study of electronic devices.
Inclusion and exclusion criteria
All studies describing ICT based instruments for the screening, evaluation and assessment of cognitive and functional decline in older adults published between 2010 and 2015 were included. Screening and assessment instruments not validated for older adults, not discriminating results for older adults, or which did not provide minimum normative data (e.g. mean age of participants, diagnosis, etc.) were excluded.
Selection of studies
A search was performed in July 2015 of the databases Medline and PsycINFO with the search terms (Dementia OR Alzheimer) AND (computer OR ICT) AND (screening OR diagnosis OR assessment OR evaluation) and yielded 13893 papers (3891 after the exclusion of duplicates). Of them, 1785 where published between 2010 and 2015. On the basis of the inclusion criteria, the titles, keywords and abstracts were assessed by the first author obtaining a total of 89 relevant papers in this first stage of the selection process. Those 89 papers were then assessed by two authors on the basis of abstracts and full copies of the article when needed. Any disagreement about the inclusion of papers was discussed in a consensus meeting. Seventeen further studies were found through hand search, tracking cited references in other studies and relevant previous literature reviews in this area.
Data synthesis
The selected studies were analyzed by two reviewers with a standardized data extraction form, as suggested by the Cochrane Handbook for Systematic Reviews of Interventions.
Tests, early detection tools and screening instruments were grouped according to their main purpose into cognitive test batteries, measures of isolated tasks, behavioral measures (measures of motor and sensory processes) and diagnostic tools (used by clinicians to help them in the diagnostic process).
Self-administration was defined as "test-taking that is unsupervised after the test platform has been set up, and can occur in the clinic or home setting" (18). Cognitive domains were depicted as described by the authors in the article. Concurrent validity was reported as correlations with other previously validated instruments. Discriminant Validity was reported as sensitivity and specificity rates and/or capacity to distinguish people with and without cognitive impairment. When discriminant validity was reported as lack of correlation with unrelated measures the information was also included.
Quality assessment
Schlegel and Gilliland (19) have proposed 20 critical elements that constitute a competent quality assessment for computer based test batteries grouped in 4 clusters (module information, test functionality, data recording and interface usability/anomalous behavior). These elements can be summarized in a systematic list of problems sorted by instrument and identified by severity of problem from 1 (severely affects test integrity) to 8 (affects look and feel). A checklist with these items was used for the quality assessment of the instruments.
Results
The reviewers agreed that 34 articles covering 31 instruments met the inclusion criteria. 
Study quality assessment
The total score of the studies in Schlegel and Gilliland checklist (2007) ranged from 2/20 (10%) to 20/20 (100%). The average score was 15.40, equivalent to 77% of the possible marks. Table 3 shows the checklist with the scores of each instrument. Module information and version control was the better quality area, with 92% of the possible marks accomplished. Data recording got 88% of the possible marks, and test functionality 71%. The weakest areas of the instruments were usability (18%) and anomalous behavior reporting (29%).
Descriptive Data
Of the 31 instruments, 52% (16) used a PC, 26% (8) a Tablet, 13% (4) a laptop, one was set in a mobile phone, one used the telephone and another one used a specifically designed technology. Three of the tablet based instruments could also be displayed in a personal computer. The most common input device was the touchscreen in 48% (15) of (4) were completely self-administered while 19% (6) had to be initiated by a technician, 29% (9) needed assistance or supervision and one had to be corrected by a professional.
Twenty six percent (8) were administered by a technician and three did not report the way of administration.
Six percent (2) were delivered at home, 39% (12) were delivered at a clinic or laboratory but had the potential of being delivered at home and 55% (17) could only be delivered at a clinic. Ninety four percent (29) had cognitive outcomes while the remaining two were diagnostic tools assessing the risk to convert to AD.
Usability
Results about usability and understandability are summarized in Table 1 . Nineteen percent (6) of the instruments reported outcomes about usability defined as acceptability, efficiency and stability. In a single paper the development of the instruments was carried out in several stages, including in each step the suggestions from the usability assessment performed in the previous step through an iterative process (18). In another case, the researchers used a computerized system including a Perception Response Evaluation (PRE) module that established whether a participant met minimum perceptual and response requirements for taking various tests (20).
Additionally, 22% (7) of the instruments provided information about understandability.
In three cases, understandability was used as a synonym for the participants' ability to complete the assessment, but it was not assessed with tests or questionnaires, with one exception (COGVAL) that used a non-standardized questionnaire (21). In one study (22), the test instructions were automatically reiterated by the computer program when the pattern of errors suggested that instructions were misunderstood. User experience was assessed in only one instrument (18) and other two articles addressed it generically (23, 24)
Psychometric Properties
Twenty three (74%) instruments provided information about concurrent validity. Of them, five were validated against well stablished neuropsychological test batteries (e.g. ADAS-Cog), seven were validated against brief tests (e.g. MMSE, MOCA, HDS-R) and 11 against individual tasks or parts of batteries.
Twenty four (77%) instruments reported information about discriminant validity, obtaining in general good levels of sensitivity and specificity in detecting population with cognitive impairment.
Regarding internal consistency, six instruments provided information about intra-class correlation, and 11 about test-retest reliability. Two instruments had had a factor analysis performed and seven provided cut-off points for cognitive impairment.
Discussion
Even though computer-based testing has been used for more than 65 years in research until recently assessment was always carried out by a trained professional in a clinical context (clinic, laboratory, hospital, etc.). General access to personal computers, tablets and smartphones has opened a wide new horizon of opportunities for community-based assessments that can be self-administered or administered by a carer improving accessibility and the potential for early detection without compromising validity and reliability. However, the results of this review indicate that despite the range of different and accessible technologies developed in the last years, most of the instruments are still delivered through a personal computer, only 8 using a tablet and one a mobile phone. It is necessary to design screening instruments that can be delivered through the most accessible technologies like tablets and smartphones.
One of the strengths and potentials of ICT based devices is the possibility of being delivered at home, eliminating the need to travel to a health care facility. This would allow early screening and detection to be more feasible in comparison with traditional paper and pencil instruments, yet most of the instruments could only be delivered at a clinic (55%). As a matter of fact, even though 39% of the instruments had the potential to be home delivered (based on the technology needed and automated completion), most of them still needed the assistance of a technician to be administered. In some cases the role of the technician included aspects that the current technology can overcome with remote control or automatic systems like collecting demographic data (25); side by side supervision (20); or repeating the instructions (22). This might be caused by a gap between the health system capacity to work with automatically generated data and current ICT development. An effort should be made to develop completely selfadministered instruments and to design software that can be initiated by end users or their carers at home. In addition, clinicians and health care systems should develop their capacity to gather and use remote automatically generated clinical data for diagnostic and screening purposes. Ethical concerns about home-based assessments should be addressed, obtaining informed consent from persons with dementia due to possible difficulties understanding complex technology and loss of awareness over time of the data being collected.
Usability
Of the areas analyzed in this review, usability is the most under reported, with only six studies including it into their design process. The fact that 81% of the instruments did not address the subject of usability, and 78% did not assess understandability poses a concern over their design processes. There seems to be a lack of consensus of the scope of the term; in one of the five studies, for example, usability was taken as a synonym for acceptability (24). The match of person and technology has to be considered as it is a key factor in the decision to use technology or not. The inclusion of older adults with cognitive decline in the design and evaluation of these instruments is fundamental, as well as assessing users' experience (31). Unfortunately, this was not the case in most of the instruments reviewed. User experience information is necessary for the design and adaptation of the technology to the participant´s desires, thoughts, learning style and aesthetics.
Lack of computer experience has been repeatedly reported as a characteristic that decreased the odds of independent completion of tests and correct understanding (25).
The evidence found in this systematic review suggests that this situation could be overcome by the introduction of pre-assessment practices. Pre-test training sessions are often used to let participants become familiar with the novel technology (32-36).
Practice and training before using electronic devices is advisable, as older adults can learn to use them and improve their performance. Another field to be explored in future studies is the comparison of individuals´ test scores in different contexts: does the performance of the assessed person change because of the presence or absence of the clinician? Does it get worst or better in independent and automatic evaluation compared to face to face assessments? Another direction to move forward is to increase the accessibility of the instruments by carrying out trials that assess their suitability for independent administration. Usability assessment is vitally important if tests are to be administered independently.
The assessment of usability can be performed through different methods. The ISO/IEC 9126-4 metrics recommends that usability assessments should comprise: effectiveness (the accuracy and completeness with which users achieve specified goals); efficiency (the resources expended in relation to the effectiveness); and user satisfaction (comfort and acceptability of use). There are specific usability assessment tools like the "Usefulness, satisfaction and ease of use questionnaire" (37); the Everyday Technology Use Questionnaire (38); the After Scenario Questionnaire (39); and the System Usability Scale (40). There is also a questionnaire that captures perceived usability and acceptance according to the technology acceptance model (41). In addition, there are also empirical ways in which usability can be measured through observation (e.g. difficulty to release the touchscreen after pressing it, number of times the users pressed the screen, number of times they requested help from the technician and why help was requested, etc.). Automated evaluation mechanisms should also be adopted to improve the empirical methods employed to assess usability (42).
Validity and reliability
A quality assessment evaluation should represent a required initial step before psychometric properties and validity evaluation, and it should be performed by someone independent of the developer of the instrument (11). The methodological quality of the instruments was good according to Schlegel and Gilliland checklist, but only four scored 100% of the items (10, 18, 21, 24) , showing a potential for quality improvement, especially in the fields of usability and test functionality.
The validation of the instruments reviewed was carried out with healthy older adults as well as PWD and MCI as distinct groups. This is an asset to be highlighted as it has 
Test batteries vs. individual tasks
The existence of tests of specific domains like visuospatial function, which present good specificity and sensitivity for the detection of cognitive impairment opens the debate about the cost/benefits of performing full assessment batteries for screening purposes.
On the other hand, many screening tools are weighted towards assessment of memory impairment; however deficits in other areas are crucial for differential diagnosis (47). In this regard, the next step should be the design of brief screening instruments that assess key markers for early detection. Indeed, some computer based batteries have been analyzed to see if specific subtests would have enough sensitivity to discriminate healthy older people from people with cognitive impairment. Automated speech recognition technology is a promising field (12); and research on brain-computer interfaces could offer in the near future an opportunity for the assessment, diagnosis and treatment of people with communication impairments (48).
Limitations
As pointed out elsewhere (7), some of these instruments are subject to proprietary issues like license fees which leave them out of reach for the general public, or copyright aspects which prevent researchers and clinicians from modifying them. Researchers, grant funders and the industry should strive to deliver open access instruments. Even though wide scale cognitive screening can reliably identify individuals with cognitive impairment, additional neuropsychological, clinical and biomarker data are necessary to identify prodromal dementia (49) . The instruments reviewed in this paper are not meant to replace neuropsychological assessment, and cannot carry out a dementia diagnosis on their own; they are instruments that allow the identification of those subjects that could be referred to specialized units.
Conclusions
As ICT develop, clinicians and health services fall behind in using technological advances for improving health care for older people. Electronic devices for dementia and cognitive impairment early detection and assessment are still in their infancy in terms of accessibility and usability. Innovative and comprehensive instruments with the capacity to be delivered in the community are still to be developed and the current existing gap between research and applied technological solutions integrated in the health care services and policies should be narrowed. All in all, we have all what is necessary to tackle the problem of early detection of cognitive impairment in older adults, now the challenge is to find the way to integrate the existing solutions in user friendly and accessible instruments. Notes: Abbreviations of instrument names can be seen in Table 1 
